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Abstract of EP0206537 

Disclosed are solid, phytoactive, N-phosphonbmethyl-N-carboxy-methyl compositions. Also disclosed are 
processes for the preparation of such compositions by 

(a) forming an initial mixture comprising a phytoactive N-phosphonomethyl-N-carboxymethyl compound, a 
solvent and a molten surfactant, the surfactant being solid at ambient temperatures; 

(b) removing solvent from the initial mixture to form a final mixture at a temperature above the melting 
point of the surfactant; 

(c) cooling said final mixture to a temperature below the melting point of the surfactant to form a N- 
phosphonomethyl-N-carboxymethyl composition which is solid at ambient temperatures; and 

(d) processing said composition into particulate form, such as pellets, flakes, granules, or powders. 
Further disclosed is the use thereof in controlling vegetation. 
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® Solid, phytoacttve compositions, methods of use and methods of preparation. 

© Disclosed are solid, phytoacthre, Nimosphcjnomethyf.N- 
carboxy-methyl composffions. Also disclosed are processes for 
the preparation of such compositions by 

(a) forming an initial mixture comprising a phytoactive N- 
prK)sprcncmethyl-N-ca^ compound, a solvent and a 
molten surfactant, the surfactant being solid at ambient tempera- 
tures; 

(b) removing solvent from the Initial mixture to form a final 
mixture at a temperature above the meitmg point of the surfac- 
tant; 

(c) coo&ng said final mixture to a temperature below the 
melting point of the surfactant to form a N-phosphcmomethyi-N- 
carboxymethyl composition which is soBd at ambient tempera- 
tures; and 

(d) processing said composition into particulate form, such 
as pellets, flakes, granules, or powders. 

Further disclosed Isthe use thereof in controlRng vegetation. 
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SOLID, PHOTOACTIVE COMPOSITIONS, METHODS OF 
CBE AND MCTBODS OF PREPARATION 



This invention relates to novel/ solid, phytoactive compositions 
comprising certain surfactants and phytoactive compounds containing the 
moiety: 

? ? 

I. C-CH 2 -N-CH 2 H? 

and to methods of manufacture of such compositions. 

5 Bie phytoactive compounds containing the moiety set forth above 

as Formula I are designated herein as ^phosphormethyl^^arbcK^ethyl 
compounds or "PMCM" compounds. These compounds and the moiety of BDrmula 
I will be further defined and illustrated hereinafter. For convenience, 
the phytoactive ccmpouids containing the moiety of formula I will herein-' 
10 after be designated PMCM compounds. 



A large nunber of phytoactive EMCM compounds are known in the 
art. The term "phytoactive" as used in describing this invention means 
effective as a plant growth regulator, as a herbicide, as a defoliant or 
the like. Illustrative of such FMCM compo unds and their use are: 
15 U.S. Patent 3,455,675, Irani, JUly 15, 1969, entitled 

"toinophospbonate Herbicides"; 

Q.S. Patent 3,556,762, Hamm, January 19, 1971, entitled 
"Increasing Carbohydrate Deposition in Plants with Aminophosphonates"; 

Q.S. Patent 4,405,531, Franz, September 20, 1983, entitled 
20 "Salts of N-«iosphoncmethylglycine"; 

O.S. Patent 3,868,407, Franz, February 25, 1975, entitled 
"Cartoxyalkyl Esters of N-Phosphonanethylglycine ; 

O.S. Patent 4,140,513, Prill, February 20, 1979, entitled 
"Sodiun Sesqtiiglypbosate"; 
25 O.S, Patent 4,315,765, Urge, February 16, 1982, entitled 

"Trialkylsulfoniun Salts of N-^sphonanrethylglycine; n 
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U.S. Patent 4,481,026, Prisbylla, November 6, 1984, 
entitled "Aluninun N-Pbosphonoraethylglycine and Its Use As A Herbicide"; 

U.S. Patent 4,397,676, Batel, August 9, 1983, entitled 
"N-Pnospboncmethylglycine Derivatives"; and 
5 International Application WO 84/03607, Qievron Besearch 

Company, September 27, 1984, entitled "cayphosate-Type Herbicidal Oonposi-- 
tions". 

These patents are illustrative and are incorporated herein by ' 
reference. Most of these patents also include descriptions of proce s ses 
10 employed to prepare such compounds, One following patents provide addi- 
tional process descriptions. 

U.S. Patent 3,288,846, Irani et al., November 29, 1966, 
entitled "Process for Preparing Organic Phosphonic Acids"; 

U.S. Patent 4,507,250, Batel, March 26, 1985, entitled 
15 "Process for Producing N-^hDsphorone&ylglycine Acid"; 

U.S. Patent 4,147,719, Franz, April 3, 1979, entitled "Pro- 
cess for Producing N-^tosplx>ncmethylglycine" ; and 

U.S. Patent 4,487,724, Belix, December 11, 1984, entitled 
"Process for Preparation N-*tr>spbonaDethylglycine Salts", ttiese patents 
20 are also incorporated herein by reference. 

EMCM cum jounds, in particular water soluble EMCM salts, are 
often difficult to obtain in a solid form. Hiey can be difficult to crys- 
tallize and isolate from aqueous solutions. Ibey can form glassy, non- 
crystalline solids which transform rapidly into wet cakes when exposed to 
25 the air. 

Commercial formulations of EMCM compounds are generally not sold 
in a solid form, but sold as aqueous, solutions. These solutions often 
contain only about 50% EMCM compound. Consequently, there is substantial 
waste in terms of storage, tra n s por ta tion charges and container disposal. 

30 H1CM compounds in water are usually acidic and exhibit chelating 

properties. Iron and aluminum tend to inactivate the phytoactivity of the 
compounds. They can react with unlined or galvinized steel to produce 
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hydrogen gas which can form a highly canbustible gas mixture. If ignited, 
this mixture can flash or explode/ which may cause serious personal injury. 
Therefore, aqueous solutions of the compounds are usually stored and 
transported in plastic or specially lined steel containers. 

5 It vould be desirable to package and sell £MCM compounds in a 

solid form in order to realize substantial savings in terms of storage, 
transforation and container disposal charges and to avoid the pcoblens 
associated with aiCM solutions. 

Representative patents generally disclosing wettable powders 
10 containing EMCM compounds include U.S. Patents 4,025,331; 4 r 414,158; 

4,481,026; and 4,405,531. Obey broadly disclose wettable powders contain- 
ing a compound, an inert solid extender, and one or more surfactants. 
A disadvantage of such wettable powders is that the solid extender reduces 
the amount of active ingredients which can be transported in a container 
15 of a particular size. A further disadvantage is that many of the phyto- 
active compounds desirably contained in such powders, particularly IMCM 
salts, are hygroscopic or deliquescent. Qreat care is needed in packag- 
ing, storage and use of such wettable powders. If a final user chooses to 
employ only a portion of such a powder, extensive precautions must be 
20 taken to ensure the stability of the ranainder. 

It has now been found, however, that phytoactive IMCM composi- 
tions are readily obtained in a solid form which is substantially non- 
hygroscopic or non-deliquescent. Illustrative of a preferred process in 
accordance with the invention for preparing such solid compositions is the 
25 process of: 

(a) forming an initial mixture comprising a phytoactive PMCM 
compound, a solvent and a molten surfactant, the surfactant being solid at 
ambient tenperatures; 

(b) removing solvent from the initial mixture at a temperature 
30 above the melting point of the surfactant to form a final mixture; 

(c) cooling the final mixture to a temperature below the melting 
point of the surfactant to form an N-pbosphorKxnethyl^-carboxymethyl cent- 
position which is solid at ambient temperatures? and 
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(d) processing said composition into particulate form, such 
as pellets, flakes, granules, or powders. 

fts used herein, the term "solid" refers to the physical state 
wherein the composition has a specific shape and valine and resists defor- 
5 nation. The solid may be processed into any suitable particulate form, 
such as pellets, flakes, granules, or powder. The solid composition can 
sii>sequently be dissolved in a suitable diluent, usually and preferably 
water, at a remote field site, and applied to the plants upon which the 
composition' s phytoactivity is to be directed. 

10 Any liqoid-dispersible, phytoactive H4CM c onpo i md can be used in 

the compositions and processes in accordance with the invention. Hie term 
"liguid-dispersible" is used in a broad sense to encanpass compounds which 
are soluble in a liquid as well as ocnpocnds which are merely dispersible. 
In p re fer red embodiments, the EMCM confound is liquid-soluble. In most 

15 preferred embodiments, it is water-soluble. 

The HO! compounds may be represented by the fonnula 
0 2 0 
R-C-CH^-CH2P-(R)2 

wherein Z is hydrogen, an organic moiety or an inorganic moiety. Repre- 
sentative patents disclosing PMCH ccnqpoinds wherein Z is other than hydro- 
gen incluie U.S. Patent Nos. 3,888,915; 3,933,946; 4,062,699; 4,119,430; 
20 4,322,239; and 4,084,953. 

In preferred RlCM compounds, Z is hjdrogen or an organic scbsti- 

tuent. Itepresentative organic substituents include methylene carboxylic; 

methylene phosphonic; methylene cyano; carbonyl, such as formyl, acetyl; 

benzoyl; perflurcoacyl; and thiocarbonyl; ethylene, such as cyano; carba- 
25 rooyl or carboxyl substituted ethyl enel and benzene sulfcnyl substituents. 

itepresentative patents disclosing compounds wherein the nitrogen contains 

three organic substituents include U.S. Patent tos. 3,455,675; 3,556,762; 

4,312,662; 4,216,727; 3,988,142? 3,970,695; 4,180,394; 4,047,927; 

3,853,530; 4,203,756; 3,991,095; and 3,996,040. A preferred tertiary 
30 nitrogen sdbstitued FMCM compound is N r N-b is- ( pbosphoncmethyl) glycine . 
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Those EMCM compounds wherein Z is hydrogen are roost preferred when the 
phytoactivity desired is herbicidal activity. 

Representative R's include halogen, -NBOH, ^(R 1 ) 2f -OR 2 , -6R 2 
and CM, where R 1 is independently selected from hydrogen; alkyl or hy- 
5 droxyalkyl, preferably containing less than about 5 carbon a tans; alkenyl, 
preferably containing less than about 5 carbon atoms; or phenyl moieties. 
R 2 is independently selected fron hydrogen; alkyl; hydroxyalkyl; or 
chloroalkyl, preferably containing less than about 5 carbon atans; alkoxy, 
preferably containing less than about 5 carbon atxms; alkyl eneamine, pre- 
10 ferably containing less than about 12 carbon atans; phenyl; or benzyl 
moieties. 

M is selected fran hydrogen and agriculturally acceptable salt- 
forming moieties such as alkali metal, alkaline earth metal, stannic, 
ammonium, organic ammonium f alkylsulfbnium, alkyl sul fbxoniura , alkylphos- 
15 phonium moieties or ccmbinations thereof. Representative patents disclos- 
ing at least some of such compounds include U.S. Patents 3,799,758; 
4 f 397,676; 4,140,513; 4,315,765; 3,868,407; 4,405,531; 4,481,026; 
4,414,158; 4,120,689; 4,472,189; 4,341,549; and 3,948,975. 

One above patents are herein incorporated by reference. 

20 Illustrative of agriculturally acceptable salt-forming moieties 

represented by M are the alkali metals having atonic weights of from 22 
through 133, inclusive, such as sodium, potassium or rubidium, the alka- 
line earth metals having atomic weights of fran about 24 through 88, 
inclusive, such- as magnesium or calcium; ammonium and aliphatic ammonium, 

25 wherein the . aliphatic anrooniun is primary, secondary, tertiary or quater- 
nary and preferably wherein the total number or carbon atans does not 
exceed more than about 12; phenyl anmoni urn ; trialkylsulfonium, preferably 
wherein the total number of carbons in the three alkyl substituents does 
not exceed more than about 6, sich as tr imethyl sul f on i un, ethyldimethyl- 

30 sulf onion, propyld imethyl sul fionium and the like; t r ialkyl sul foxoniun , pre- 
ferably wherein the total number of carbon atans in the three alkyl sub- 
stituents does not exceed more than about 6, such as tr imethyl sul foxoniun, 
ethyldimethylsulfoxonium, propyld imethyl sul foxoni urn and the like; 
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with the diluent by the ultimate user. Such temperatures are generally in 
the range of fran about -20* to 50 °C. 

Preferred surfactants for use in the invention are nonionic 
block copolyners of alkyl oxides having a functional group 

R 3 -(CH^HiO) m • (CBCH^) n ^4 

5 where r3 and R 4 are the same or different and are selected from hydrogen, 
R 7 CO-, R 7 0, R 7 CN-, R 7 ]/ or and wherein R 7 is selected from an alkyl 
0 O 

having from about 8 to about 30 carbon atoms or an alkyl aryl group, 
wherein the alkyl portion of the alkyl aryl group ranges from about 8 to 
about 30 carbon atoms, and mixtures thereof , and wherein m ranges fran 
10 about 20 to about 200, n ranges from about 0 to about 10, and m + n is 
equal to or greater than about 25. 

Escanples of R 7 include sorbitan, fatty radicals such as coco, 
oleyl, palmityl, tallow, stearyl, lauryl, 3oya, castor, ncnylphencxy, 
dinonylphenoxy, octylphenoxy, and dioctylphenoxy. 

15 Preferred nonionic surfactants for use in the compositions of 

the invention include Pluronic surfactants, such as Pluronic F-38, F-68, 
F-77, F-87, F-88, P-89, F-108 and F-127. The Plutonic surfactants are 
available ccnmercially (BfcSF), and ccraprise ethylene oxide or propylene 
oxide block copolymers. 

20 Hie advantages of the use of a nonionic surfactant in the pro- 

cess and compositions of this invention are that they are generally inex- 
pensive, reaaily available, low or non-irritating, often of low toxicity 
to manmals and generally, low or non-foaming when under vacuum in a molten 
state. 



25 



Other surfactants can be used, such as cationic, anionic, or 
amphoteric surfactants. BDwever, they may give rise to foaming. They 
also may be more toxic to manmals. 
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Such other surfactants include Bnool OC-57 (cationic) , Argued 
C-50 (cationic), Ethaneen 18/12 (cationic), Ethcmeen 18/15 (cationic), 
Etbcmeen 18/60 (cationic) , Ethaneen T/60 (cationic) , Alkaphos K-380 
(anionic) and Witconate AOK (anionic). 

Mixtures of various non- ionic surfactants, or nonionics with 
cationic, anionic or amphoteric surfactants, can also be used if desired. 

The following surfactants, among others, have been found to be 
useful in the processes and compo sitions of this invention. 
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TABLE I 



Surfactant 


Manufacturer 


Structure/Type 


nup.'C 


iXyCOl 3740 


Bnery 


tridecyl alcohol BO* 


39 


jxycoi oyo/ 


Emery 


lauryl alcohol BO 




ixycoi D7o4 


Bnery 


lauryl alcohol 00 


39 


Trycol 6954 


Bnery 


nonylphenol 15 EO . 




fcryaol NP-20 


Bnery 


ncnylphenol 20 B0 


34 


Trycol IAL-12 


Emery 


lauryl alcohol 12 EO 


32 


Trycol IAL-23 


Etoery 


lauryl alcohol 23 BO 


40 


Trycol QAL-23 


Emery 


alkyl alcohol 23 BO 


47 


Bnery 6873 


Bnery 


- 


- 


Trycol 6988 


Etaery 


dinanylpnenol 15 BO 


55 


Pluronic F-88 


BASF 


block E0 r PO** copolymer. 


54 


Indus trol 


BASF 


polyethylene glycol fatty acid 
ester 40 EO 


48 


Iconol CNP-150 


BASF 


dinonylphenol 15 B0 


55 


Pluronic F-127 


BASF 


block B0 f PO copolymer 


56 


Pluronic F-108 


BASF 


block EO, PO copolymer 


57 


Plurafac A-39 


BASF 


linear alcohol ethoxylate 


56 . 


Aucasurr s-40 


AJJcaril 


stearic acid ethoxylate 40 BO 


46 


Alkasurf TA-50 


Alkaril 


tallow alcohol ethoxylate 50 EO 


47 


Alkasurf OP -40 


Alkaril 


octylphenol ethoxylate 40 ED 


48 


Alkasurf IAD-23 


Alkaril 


fatty alcohol ethoxylate 23 EO 


47 


Alkatronic 
PGP 18-8 


Alkaril 


block EO, EO copolymer 
(80% EO) 


52 


Alkatronic 
PGP 23-8 


Alkaril 


block B0 f PO copolymer 
(80% EO) 




Alkatronic 
PGP 33-8 


Alkaril 


block BO, PO copolymer 
(80% EO) 


57 


T-DET BP-1 


Hayward 




28 


T-DET N-100 


Ihanpson- 
Hayward 


nonylphenol 1 00 EO 


50 


Staley APG 91-3 
(solid form) 


A.E. Staley alkyl polyglyoside 




* EO = ethylene oxide 


** PO = propylene oxide 





Additional classes of surfactants which can be used in 
accordance with the invention are listed in Table II below. 
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Surfactants 



SB 



Structure 



Alkamuls fatty acid ethoxylate 

Indus trol 

Alkasurf 

Try5et 



0 

pck> 



{CH2CH2O ) X CH2P H 2P B 



Alkamuls di-fatty acid esters 

Indus trol 

Emerest 



0 9 

n n 

BXCH2CH^0 (CH2CH2P ) ^Ca^R^XR 



Alkamuls sorbitan ester ethoxylate BD(CH2CH2p) w (CCH2CH2) X CH 



^H(OCH2CH2)yCB 
CH2(OCH2CH2)zp 



Alkani 



Tryneen 



amine ethoxylate 



/ (CH2CH2p) a ^H2? :H 2P E 
X (CS^H 2 03yCH2CH 2 pB 



Alkasurf castor oil ethoxylates 
Industrol 



O (CS2CH2P ) y CB'£Bi'£& 

0 

H 

CH3 (C52 ) cfiBZBjCBFCE (CH2 ) 7COCH2 

PO-CH 
IO-CH2 



Pluronic polyoxypropylene glycol H3(CH 2 CH2P) x -(Cra2P)y^( CH 2P H ^ ) )2^ 
ethoxylate CH3 



Alkanidox 
mid 



alkanolam ide ethoxylates 



0 / {CH 2 CH^) X H 



\ 



(CH2CH2p)yH 



Alkasurf 

Industrol 

Plurafac 

Iconol 

Trycol 



alcohol ethoxylates 



JMOCH 2 CH2)x- OH 
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Sane surfactants which are solid at ambient temperatures foam. 
Ihe foaming problem may arise both during the initial preparation of the 
composition, particularly if the solvent is removed under vacuum, and when 
the final product is subsequently mixed with a diluent by the ultimate 
-5 user. Oherefiore, some embodiments of the invention include an ant i- foaming 
agent. The anti-foaning agent may be added any time before the solvent is 
removed. 

Representative of useful anti-fbaming agents include compounds 
such as Silcolapse 5008 (silicone-based anti-foam) and Anti-foam Emulsion 
10 Q-94 (SWS Silicones Corp.) . 

In addition to the EMCM compound, the surfactant and the anti- 
foaning agents, the composition can also include other conventional adju- 
vants such as drying aids, heat stabilizers, ultraviolet absorbers, dis- 
persants, wetting agents, and other agriculturally acceptable materials. 
15 Representative drying aids include Microcel E, Aerosil 200, and Hi-Sil e 
233. Representative heat stabilizers include phenylened iamines , phen- 
azine, butyl ated hydroxy toluene. Representative ultraviolet absorbers 
include Tinuvin 770, Tinuvin P, and dinitroanilines. 

The ratio of PMCM compound to surfactant varies over a wide 
20 range. Since it is known that the choice of a particular surfactant can 
affect the photoactivity of the FMCM compounds used in accordance with 
this invention, the desired activity of the solid composition should be 
considered vhen selecting a particular surfactant. As much surfactant as 
desired may be employed so long as the products dissolve totally or dis- 
25 perse readily in the diluent prior bo the application. Fbr cost considera- 
tions, a minimum of surfactant should be used which still enables the 
objects of the invention to be obtained, e.g., the production of a solid 
product which is substantially non-hygroscopic. The ratio of PMCM com- 
pound to surfactants by weight, is typically from about 10:1 to about 
30 1:10. The preferred ratio is from about 4:1 to about 1:2. The most pre- 
ferred ratio is from about 2:1 to about 1:1. 

Representative formulations of the compositions of this inven- 
tion are as follows. The formulations are based on percent by weight, 
unless otherwise noted. 
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69.3% triraethylsulfoniun salt of N-^bosphoncmethylglycine 
30.7% F-108 (m.p. 57 *C) 
100% Total 

69.3% isorxopylamine salt of N-prosphoncmethylglycine 
30.7% Tetronic 909 (m.p. 59 # C) 
100% Total 

. 69.3% isopcopylanine salt of l^^teqphoncmethylglycine 
30.7% Pluronic F-108 (m.p. 57 *C) 
100% Tbtal 

Ohe solid canpositions in accordance with this invention are 
characterized in that the FMCM ccmpourd forms an intimate mixture with the 
surfactant. Ihe H4CM ccrapound is initially dispersed throughout a surfac- 
tant matrix. It is believed that such an intimate dispersion prevents 
5 absorption of moisture by the H*CM compounds. 

The compositions of this invention can be prepared in any suit- 
able manner. A preferred process, however, comprises first preparing a 
mixture containing the fMCM co mp ound and the solvent. In preferred embod- 
iments, the BiCM ccrapound is dissolved in the solvent. In other embed i- 
10 ments, the HCM compound is dispersed therein. 

In some embodiments, the mixture is prepared by forming the EMQ1 
compound in situ . Hbr example, in seme embodiments, N-ptosrtoncmethylgly- 
cine is reacted with a desired base, in the presence of water, to form an 
aqueous solution containing the IMCM compound. In preferred embodiments, 
15 solutions of isopropylamine N-^to^honcmethylglycine can be prepared in 
this manner. 

Ohe choice of the solvent for use in accordance with the process - 
of the invention is not critical, but the solvent must meet certain 
requirements. The solvent must be capable of dissolving or dispersing a 
20 desired EMCM ccrapound at the temperature used to form the initial mixture, 
without adversely effecting the B*CM compound 1 s phytoactivity. The 
greater the solublity or ease of dispersibility of the FMCM compound in 
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solvent, the less solvent will be required and the subsequent removal of 
solvent will be facilitated. 

It is preferred that the normal boiling point of the solvent is 
greater than the melting of the particular surfactant chosen. Hswever, 

5 what is most important is that the solvent be removed at a temperature 
greater than the surfactant's melting point. Consequently/ where the nor- 
mal boiling point of the solvent is less than the melting, point of. the 
surfactant/ the solvent must be removed under elevated pressure. Pre- 
ferred solvents include water and polar organic solvents, such as methan- 

10 ol, ethanol, isopropyl alcohol and acetone, water is most preferred. 

The third component of the initial mixture is the surfactant. 
Ihe surfactant may be added by conventional techniques to the solvent 
before, during or after the addition of the PMCM compound. Preferably, 
the surfactant is added in the molten state, although in some embodiments 

15 it is initially merely dissolved or dispersed in the solvent and the tem- 
perature then raised above the melting point of the surfactant. Initial 
use of a molten surfactant permits easy mixing and can aid in reducing the 
amount of solvent, which is required. In those embodiments where the mol- 
ten surfactant is itself capable of dissolving or dispersing the desired 

20 BfCM compound, it can be employed in lieu of the solvent. 

In order to form or maintain the molten surfactant, the lower 
limit on the temperature of the initial mixture is the melting point of 
the surfactant. Ihe upper limit is the temperature at vfoich a particular 
PMCM compound, surfactant or other additives will decompose. When tri- 
25 alkylsulfoniun-N-phosphoncmethylglycines are chosen as a PMCM compound, 
temperatures in the range of 30 to 110 # C are generally employed. 

One solvent is then removed from the initial mixture. Any sol- 
vent rencval technique can be employed, so long as the temperature is 
below the decomposition temperature is above the melting point of the sur- 
30 factant. Representative techniques include heating and vacuum techniques 
and combinations of both, for exanple, the final mixture can simply be 
heated to a temperature sufficient to evaporate the solvent of the above 
requirements are met. 
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The temperature at which the solvent is evaporated is a function 
of temperature, absolute pressure aid composition of the mixture. 3hus r 
if a reduced pressure is employed, removal of the solvent can be achieved 
at lower tenperatures. A preferred device for solvent removal at reduced 
5 pressure is an industrial- type film evaporator. Because the residence 
time of the product in the device is very short, any decomposition which 
may tend to occur is minimized. 

In carrying out the process of this invention, atmospheric con- 
ditions- are most preferred for solvent removal because they eliminate the 
10 use of special equipment, or special techniques for maintaining a vacuum 
and for removing the resulting solid composition from such equipment. 

As the solvent is removed at temperatures above the melting 
point of the surfactant and higher concentrations of surfactant are con- 
tained in the mixture, a viscous final mixture is footed. Upon cooling, 
15 the final mixture readily solidifies. It is not necessary to rename all 
the solvent from the final mixture. All that is required is that suffi- 
cient solvent be renewed so that the final composition solidifies upon 
cooling. In preferred embodiments, however, substantially all the solvent 
is rencved. 

20 Ihe resulting solid canposition can then be processed into any 

suitable particulate form, such as pellets, flakes, granules, or powder, 
by conventional techniques. As will be readily appreciated by one skilled 
. in the art, the size of the final particle will affect the ease of solu- 
tion or dispersion of the final product in the diluent by the ultimate 

25 user. Generally, the ease of solution or dispersion increases as particle 
size decreases. In contrast, however, the ease of handling thefinal prod- 
uct increases as particle size increases. The more soluble or dispersible 
the solid canposition, the larger the particle size that can be employed. 
In preferred embodiments, the final product is p rocessed into particles 

30 ranging from powders having a diameter of about 3 to about 15 microns, to 
granules , having a diameter of about 8 to about 30 mesh to flakes. 

The following examples illustrate production of the compositions 
of the invention in accordance with the process described herein. All 
percentages are based on weight, in less otherwise clearly indicated. 
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EXAMPLE I 

In a laboratory Buchi Itotavapor, 12- 5 grams (g) of 1ETRGN1C® 908 
surfactant (block copolymer of ethylene oxide and propylene oxide from 
BASF), m.p. 58 P C, were melted in a 200 milliliter (ml) round- bottom flask 
at 70 *C. To the molten surfacant 42.5 g of a 58% aqueous trimethylsul- 
5 foniun^-phosphononethylglyc ine solution at ambient temperature were added 
slowly while the elevated temperature ws3 maintained. Ihe mixture was 
heated slowly to 95*C under vacuun (5 nmBg absolute pressure) and moder- 
ately rotated to control ebullition. After 1/2 hour, substantially all 
the water had been removed and the mixture was solidified by cooling to 
10 roan temperature. The solids obtained were removed from the flask with a 
spatula and ground into a powder with a pestle and a mortar under nitro- 
gen. A sanple of the powder left in an open crucible did not deliquese. 

EXAMPLE II 

A composition was prepared as in Bcanple X, except for using 
12.5 g of IGEPAL EM 970 (diaLkyli^enoBcypoly(ethylencxy}ethanQl from GAP 
15 Corp.) as the surfactant. A solid was obtained which did rot deliquesce 
upon standing in the open. 

EXAMPLE HI 

A canposition was prepared as in Bcanple I, except for using 1 5 
g of ICONOL ENP 150, m.p. 55 'C, as the surfactant, 1 g of Hi-Sil« (f lined 
silica from PPG), 2 drops of anti-foaning agent (Silcolapse 5008} and 
20 evaporating at 100°C for one-half hour at 1 nraBg (absolute). A solid was 
obtained which did not deliquesce upon standing in the open. 

EXAMPLE IV 

A canposition was prepared as in Example I, except for using 15 
g of PLURONIC® F-108, m.p. 56°C, as the surfactant and evaporating at 95°C 
for 1/2 hour at 10 nmBg. ihe viscous paste obtained was solidified by 
25 cooling to roam temperature. It did not deliquesce upon standing in the 
open. 

EXAMPLE V 

A composition was prepared as in Example IV, except for using a 
mixture of 2 surfactants (10 g of PLUPONIC« 17R8 and 5 g of TOXQL® 5946, 
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ethoxylated alkylphenol surfactant frcm finery) and evaporating at 5 mnHG 
absolute pressure (final condition) and 100*C for 15 minutes. The viscous 
paste obtained solidified after cooling to room temperature. It did not 
deliquesce upon standing in the open. 

ESMFIJB VI 

5 A composition was prepared as in Example I, except for using 1 5 

g of PLDKONIC® F-108, m.p. 56 - C, 1 g of Hi-Sil* (fumed silica from PPG) 
and ev^orating at 5 nxnBg absolute pressure (final condition) at 100'C for 
1/2 hour. One product obtained solidified quickly when cooled. It did 
not deliquesce upon standing in the open. 

EXAMPLE VII 

10 A composition was prepared as in Example I, except for using 25 

g of PLGRSFftC A-39 (a linear alcohol ethoxylate surfactant from BASF) , 
m.p. 56 *C, as the surfactant and evaporating at 1 nmHg Asolute pressure 
(final condition) at 100 # C for 1/2 hour. The viscous liquid obtained 
solidified when cooled to room temperature. It did not deliquesce upon 

15 standing in the open. 

EXAMPIE VIII 

In a laboratory Buchi Ratavapor, 12.5 g of IGEEAL* DM 970 sur- 
factant (trialkylphenoxy pol y ( ethylenoxy) ethanol from <3*F Corp.) were 
melted in a 200 ml round-bottom flask at 70*C. Ob the moleten surfactant, 
47.8 g of a 53.5 wt. % isopropylaEirx>^phosphorKirethylgly^ aqueous 

20 solution (Rodeo from Jtonsanto) at ambient temperature was maintained. The 
mixture was then heated slowly to 95 *C under vacuum (5 mraHg absolute pres- 
sure) and moderately rotated to control the ebullition. After 1/2 hour 
substantially all the water had been removed and the mixture was cooled to 
room temperature. One solids obtained were removed frcm the flask with a 

25 spatula and ground into a powder with a pestle and a mortar under nitro- 
gen. A sample of the powder left in an open crucible did not deliquesce. 

EXMPIE IX 

A composition was prepared as in Example VIII, except for using 
12.5 g of PLURCNIC 17R8 surfactant (block copolymer of propylene oxide and 
ethylene oxide frcm BASF, Wyandotte) and evaporating at 90 'C for 1/2 half 
30 hour at 5 irmBg (absolute) . The resulting solid product did not deliquesce. 
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EXAMPLE X 

Twelve additional powders were prepared. All the solids obtained 
were ground into water-soluble powders. The powders were prepared as 
follows: 

(a) Six different surfactants (15 g for each powder) were mixed with 

5 1 g of Hi-Sil* (fumed silica from PPG) and 42.5 g of a 58% aqueous 

solution of tr imethyl sul fbniuiv-N -phosphonomethylg lyc ine and worted-up as 
in Exanple VI. Table 111 indicates the surfactants used. 

TABLE III 

Surfactants 

Melting Average viscosity 
Bow- point Molecular § 77 a C 

der Tradename Mfgr. (°C) Weight (cps) Qass or formula 



1 


Pluronic® 108 


BASF 


57 


14,600 


2800 


Polyol 


2 


Tetrinic® 909 


BASF 


59 


30,000 


8200 


Polyol 


3 


Pluracol® E8000 


BASF 


61 


7 f 500 




Polyethylene glycol 


4 


Plurafac® A-39 


BASF 


56 


2, 600 


125 


Linear alcohol 
ethoxylate 


5 


Iconol® DNP-150 


BASF 


55 


6,900 




Dinonylphenol 
ethoxylate 


6 


Tricol® 6954 


EMery 


54 






Nonylphenol 



ethoxylate 

(b) In addition, six powders were prepared frcm a calcination of two 

surfactants, Iconol DNP-150, m.p. 55*0 and Trycol® 6954, m.p. 54*C, at 3 
10 different levels: 15, 20 and 25 g with 42.5 g of a 58 wt. % solution of 
triir^thylsulfoniuT^-phosphonanethylglycine as in Be ample VI. In each 
instance a dry powder was obtained. 

EXAMPLE XI 

A composition was prepared as in Example I, except for using 300 
g of Plutonic F-88 (block copolymer of propylene oxide) and ethylene oxide 
15 (from BASF, m.p. 54°C) as the surfactant, 574 g of a 58% aqueous tri- 
methylsulfoniun N-phosphoncmethylglycine solution, 10 drops of Silcolapse 
5008 and mixing in a 2 liter romd- bottomed flask. Ohe solid obtained did 
not deliquesce upon standing in the open. 
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The phytoactive canpositions of this invention are effective 
when subsequently dissolved or dispersed in a suitable diluent, preferably 
water, and applied bo thelocus desired by spray or other conventional 
menas. Conventional adjuvants, including wetting agents, penetrating 
5 agents, spreading or sticking agents, carriers, extenders and conditioning 
agents, such as dispersing agents can be added to the final solution or 
dispersion. 

The following examples deoonstrate the herbicidal effectiveness 
of the conditions of the invention. Tbe effectiveness was dbserved by 
10 canparing the extent of weed control in test containers treated with the 
HKM canpositons in accordance wpLth the invention with that occurring in 
similar control containers. Ohe soil used in these tests vras a sandy loam 
soil from the Livetrore, California area, 

She soil was treated by the addition of 17-17-17 fertilizer (N— 
15 P^Os-K^ 0 on a vetofrt basis) , amouiting to 50 ppm by weight, with respect to 
the soil, ard CAFIBN*, a soil fungicide* 

Ohe this treated soil was thai placed in plastic tubs, 6 inches 
in diameter and 5 inches deep with drainage boles. Johnsongrass rhi zones, 
Benmxla grass cuttings and purple nutsedge tubers vere planted in the test 
20 containers. Ihe test weeds were as follows: 

Common Name Scientific Name 

Weeds: A. Johnsongrass Sorghan halepense 

B. Bermuda grass Qmodon dactylon 

C. purple nutsedge Cyperus roturdus 

Sufficient stock or cuttings were planted to croduce several 
seedlings per container. After planting, the containers were placed in a 
greenhouse maintained at 21* to 30°C and watered daily with a sprinkler. 

A variety of FMCM canpositions based on trimethylsulfoniura 
25 N-phosphononethylglycine were sprayed on the seedling approximately 35 
days after planting. The compositions are show in Table IV- (imposition 
1 was a liquid formulation. Compositions 2 through 13 were solid 
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compositions, produced in accordance with the invention- Each composition 
was dissolved in 400 ml of water and than a 40 ml aliquot of the resulting 
solution was used for spraying at the rates irx3icated in Table IV. 

Approximately 28 days after the spraying, the degree of weed 
5 control was rated and recorded as a percentage control compared to the 
control exhibited on the same species of the same age which had not been 
sprayed. The rating ranged from 0 to 100%, where 0 equaled ro effect on 
plant growth when compared to the untreated control, and 1 00 equals com- 
plete killing of the test weeds. 

10 Ihe results are listed in Table IV. 



V- 
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Percent Control Ratings 
Weight Rate Johnson Bermuda Purple 
in grams (lfc/&) grass grass Mtitsedge 



1. 


Herbicide 


3.84 


1/4 


65 


65 






Ethaquod 12 


1.54 


1/2 


97 




ee 
33 






1 






cn 
!u 


2. 


Herbicide 


3.84 


1/4 


40 


15 






Pluronic F-lOo 






OJ 


ee 

jj 










1 






93 


3, 


Herbicide 


3.84 


1/4 


25 


IU 






Ttetronic 909 


2. 30 


1/2 


80 


45 










1 






85 


4. 


Herbicide 


3.84 


1/4 


10 


15 






Pluracol E8000 


2.30 


1/2 


75 


50 


35 








1 






80 


5. 


• 

Herbicide 


3.84 


1 /A 

1/4 


i j 








Plurafac A-39 


2*30 


1/2 


80 


60 




6. 


Herbicide 


3.84 


1/4 


15 


15 






Iconol EMM 50 


2. 30 


1/2 


#u 


DU 






™* 




1 






/3 


7. 


Herbicide 


3.84 


1/4 


35 


20 






Trycol 6954 


2. 30 


1/2 


on 


/U 




8. 


Herbicide 


3.84 


1/4 


35 


20 


— 




Iconol DNP-150 


2.68 


1/2 


75 


70 


35 








l 








9. 


Herbicide 


O Oil 

3.84 


1/4 


.£3 








Iconol ENP-150 


3.07 


1/2 


75 


70 


45 








1 






80 


lO- 


Herbicide 


3.84 


1/4 


25 


35 






Iconol DNP 150 


3.84 


1/2 


75 


70 


50 








1 






80 


ll. 


Herbicide 


3.84 


1/4 - 


35 


35 






Inocol ENP-150 


3.84 


1/2 


85 


80 


35 








1 






75 


12. 


Herbicide 


3.84 


1/4 


40 


35 






Plurafac A-39 


3.07 


1/2 


85 


75 


35 








1 






88 


13. 


Herbicide 


3.84 


1/4 


55 


40 






Plurafac A-39 


3.84 


1/2 


95 


98 


35 








1 






93 



control g % \ g 
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The amount of the composition which constitues a phytoactive 
atount depend on the nature of the plants and the effect desired. The 
rate of allocation generally varies frcm about 0.01 to about 50 pounds of 
H4CM compound per acre, preferably about 0. 1 to about 25 pounds per acre 
5 with the actual amount depending on the overall cost and the desired 
results. It will be readily apparent to one skilled in the art that ccro- 
positions exhibiting lower Fhytoactivity will require a higher application 
rate than the more active compounds for the same degree of effectiveness. 
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Claims 

1. A solid, substantially ron-b^roscopic, phytoactive ccmposi- 
tion comprising an intimate mixture of a phytoactive N-ptospboncinethyl-N- 
carbOKjmethyl ocmpourvd and a surfactant, where the surfactant is solid at 
ambient temperature. 

5 2. A composition in accordance with CI aim 1 wherein the NHphos- 

phoranetiiyl-^^arboKjmethyl compound is of the formula < 

0 0 
wdcH2bKH2P-{0M)2 
and where M is independently selected fran hydrogen and agriculturally 
acceptable salt-forming moieties. 

- 3. A composition in accordance with Claim 2 wherein the N-pfaos- , 
10 phonacethylHJ-carhoKynethyl compound is N-phosphoncmethylglycine. 

4. A ccmposition in accordance with Claim 2 wherein the N-jcfaos- 
phonaitethyl^--cartaxymethyl compound is trimethylsul fcnium-N-phosphono- 
methyglycine. 

5. A composition in accordance with Claims 1, 2, 3 or 4 wherein 
15 the surfactant is an ethylene oxide or propylene oxide block copolymer. 

6. A composition in accordance with Claims 1, 2, 3 or 4 wherein 
the surfactant is a block copolymer of alkyl asides having a functional 
group 

R^(ca 2 CH2P)j n • (cacH^n-a' 
CH3 

wherein R and R 1 are independently selected fran hydrogen, R*C0-, KfO-, 

i? ° 
20 R"CN- or B"^or wherein R" is selected fran the alkyl group having from 

about 8 to about 30 carbon atoms or alkyl aryl groi^is wherein the alkyl 

portion of the alkylaryl group ranges fran about 3 to about 30 carbon 

atoms, and mixtures thereof, and wherein m ranges fran about 20 to about 

200/ n ranges fran about 0 to about 10 f and in + n is equal to or greater 

25 than about 25. 
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7. A method for the preparation of a solid, phytoactive, compo- 
sition comprising: 

(a) forming an initial mixture co m prising a phytoactive H-phos- 
phonanethyl^-cartcx^nethyl compound, a solvent and a molten surfactant, 

5 the surfactant being solid at ambient temperatures ; 

(b) removing servient from said initial mixture to form a final 
mixture at a temperature above the melting point of the surfactant; and 

(c) cooling said final mixture to a temperature below the melt- 
ing point of the surfactant to form a N-^sphoncmethyl-N-carbcxymethyl 

10 composition which is solid at ambient temperature. 

8. A method in accordance with Claim 7 wherein the N-pfaosphono- 

methyl-N-carboxynethyl compound is of the formula 

0 0 
II ll 
M0CCH^BCH2P-(OM) 2 

and where M is independently selected frcra hydrogen and agriculturally 

acceptable salt-forming moieties. 

15 9. A method in accordance with Claim 8 wherein the N-ptosphono- 

methyl^-carixsxymethyl compound is N-phosphonauethylglycine. 

10. A method in accordance with Claim 8 wherein the N-phos- 
phonanethyl-^artxsxynethyl compound is isopropylamine-N-ctosphonaiiethylr- 
glycine. 

11. A method of controlling vegetation wherein a 
phytoactive amount of a composition in accordance with 
claim 1, optionally in admixture with a diluent, is applied 
thereto. 



